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Abstract—The paper shows the gain-bandwidth 
limitations of traditional discrete component matching used 
in electrically small antennas can be overcome by 
implementing the impedance matching network with 
metasurface. The proposed metasurface can optimize 
maximum power transfer to electrically small antennas and 
achieve superior broadband performance. 
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I. INTRODUCTION 
With ever shrinking wireless communications systems 
antennas need to be as small as possible. Electrically 
small antennas have a reactive impedance, and the 
magnitude of this reactance is inversely proportional to 
the antenna’s electrical length [1-3]. In addition, it’s well 
known that the radiation resistance is inversely 
proportional to the square of the antenna’s electrical 
length. It can be deduced that the power factor of the 
radiation diminishes with the third power of electrical 
length. Irrespective of geometry and antenna type, 
electrically small antennas have high-Q [3-9]. The 
consequence of this is that they are challenging to match, 
which results in suboptimal power transfer from source to 
the load, poor radiation efficiency, narrow bandwidth 
and/or poor gain. At receivers the signal-to-noise (S/N) 
ratio is poor compared to using a full-size antenna.  
In this paper an impedance matching technique based 
on metasurface is used to overcome the limitations of 
gain-bandwidth product. This is achieved by using LC 
networks of negative inductors and capacitors. 
 
II. CONVENTIONAL MATCHING VERSUS METASURFACE 
MATCHING NETWORK 
To match the driving-point impedance of an 
electrically small antenna to say a 50Ω system is highly 
challenging as the antenna will have a high-Q. Even 
matching with lossless inductors and capacitors is 
restricted over very narrow bandwidths. However, 
wideband matching can be achieved by introducing loss 
in the network, but this will sacrifice efficiency of power-
transfer to and from the antenna and will results in low 
gain performance.  
 
A) Downfall of Low Gain Antenna for a Transmitter & 
Receiver 
In transmitter applications, the use of low gain 
antennas necessitates increase in the transmit power, 
which is an expensive and undesirable solution. In 
receivers the low gain antenna results in reduced 
sensitivity, i.e. poor signal-to-noise ratio.  
In [10] the authors have demonstrated impedance 
matching using metamaterial. The metamaterial was 
comprised copper spirals deposited on an alumina 
substrate. The metamaterial structure was designed at 450 
MHz. The effectiveness of the metamaterial structure was 
shown to improve the match of the electrically small loop 
antenna to the power source impedance which resulted in 
increase in the overall radiated power.  
 
III. PROPOSED METASURFACE IMPEDANCE MATCHING 
NETWORK 
Matching networks implemented with metasurfaces, 
i.e. a structure that exhibits a negative permittivity and 
permeability, that are realized with microstrip-lines can 
achieve a bandwidth of a decade or so centered at the 
operating frequency. The restrictions imposed by gain-
bandwidth conditions of conventional passive networks a 
large antenna prevent them to achieve such a 
performance.  
Maximum power transfer with metasurface matching 
networks in transmitters will result in greatly enhanced 
radiation efficiency and gain; and in the case of receivers 
there should be significant improvement in the signal-to-
noise ratio.  
Metasurface impedance matching networks can also 
be applied to phased arrays. This should enable 
broadband antenna designs and great scan angles. 
    The proposed metasurface impedance matched network 
needs to provide a positive phase shift at the antenna and 
RF front-end circuitry as well as satisfy the characteristic 
impedance requirements. This has been achieved by 
means of an artificial-line consisting of a microstrip-line 
that is loaded with a 2D metamaterial structure. The 
metasurface (2D metamaterial) structure is essentially 
constructed with rectangular spiral resonators, which are 
connected to the metallic via-holes, as shown in Fig.1. 
The resonators behave like series left-handed capacitances 
(𝐶𝐿), and the metallic via-holes play the role of the shunt 
left-handed inductances (𝐿𝐿) [11]. The parameters 
characterizing the geometry of the rectangular spiral 
resonators and via-holes, i.e. the gap between the lines, 
the characteristic impedance and length, the relative 
position of the resonators, and radius of metallic via-holes 
control its properties.  
 
Fig.1. Proposed metasurface constructed with rectangular spiral 
resonators and via-holes (green area represents the substrate, the blue 
spirals are metallization etched on the substrate top, and the red circulars 
are the metallic via-holes).   
 
 The analysis on the proposed configuration in Fig.1 
has shown it satisfies the required phase and characteristic 
impedance for necessary to implement the impedance-
matching network. In the analysis indicates the proposed 
configuration can be represented by a lumped-element 
model shown in Fig.2 if the rectangular spiral resonators 
are electrically small [12]. In this model, for 
completeness, 𝐶𝐿 and 𝐿𝐿 are related to the capacitance and 
inductance of the rectangular spiral resonators and the 




                    (1) 
𝐿𝐿 = 2𝐶𝐿𝜗
2𝜉2                   (2) 
𝜗 = √(𝐿𝐿𝐶𝐿)                    (3) 
where 𝜉 is the coupling between the host line and the 
rectangular spiral resonators/metallic via-holes, and 𝜗 is 
the resonance frequency of the resonators and via-holes. 
 
Fig.2. Lumped-element model of the impedance-matching network 
based on the proposed metasurface (2D metamaterial) shown in Fig.1. 
 
To determine the degree of loss by the structure in 
Fig.1, a 3D EM simulation was carried out of the 
propagation through the metasurface impedance matching 
network. Fig.3 shows that the loss introduced by the 
structure is not significant in the frequencies of interest 
(0.2 dB). In the response shown in Fig.3(b), the power-
loss is an insignificant percentage of the incident power 
(5%) at the frequencies of interest. 
III. CONCLUSIONS 
    The proposed metasurface impedance matching 
structure can be applied to electrically small antennas 
with significantly less loss resulting from suboptimal 
matching than would be possible using traditional 
techniques. 
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Fig.3. (a) 3D EM simulation of the S-parameters, and (b) |S11|
2+|S21|
2 
relation for the structure of Fig.1. 
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